Objectives: Expansive open-door laminoplasty is used widely for the treatment of cervical spondylosis and Ossification of the Posterior Longitudinal Ligament (OPLL). We have developed a unique modification of the surgical procedure to keep the lamina expanded, with the aim of preventing reclosure of the vertebral arch. To examine the effectiveness of and problems associated with the modified expansive open-door laminoplasty technique developed at our institution by evaluating the surgical outcomes. Methods and Materials: Fifty-six patients (46 men and 10 women) underwent the modified expansive open-door laminoplasty and were followed up for at least 1 year. Thirty-eight had Cervical Spondylotic Myelopathy (CSM) and 18 had OPLL. The patients were 34 to 89 years of age (mean: 60.9 years). The severity of myelopathy was evaluated according to the Japanese Orthopaedic Association's scoring system. Surgical outcomes were evaluated using Hirabayashi's system for determining recovery rate. In the radiographic analysis, the following angles were measured before and after surgery: lordosis angle and Range of Motion (ROM) at C2 -C7 on lateral radiographs, and opening angle on Computerized Tomography (CT). The presence and absence of axial pain and postoperative C5 palsy were also evaluated. Results: The rate of JOA score improvement was about 60%, the lordosis angle observed on lateral radiographs was maintained. ROM decreased after surgery in both the CSM and OPLL groups, and the extent of the decrease was similar to that in previous reports. The opening angle of the lamina was 62˚ -65˚ on postoperative CT. Axial pain was reported by 34% of patients. Conclusions: Our modified procedure produced satisfactory postoperative outcomes based on the clinical data and imaging findings for both CSM and OPLL. The advantage of this procedure is that it avoids potential complications associated with bone grafts or implants.
Introduction
Expansive open-door laminoplasty is used widely for the treatment of cervical spondylosis and Ossification of the Posterior Longitudinal Ligament (OPLL) and has been reported to have a marked decompression effect and to yield good clinical outcomes [1] [2] [3] . In the original procedure, the vertebral arch is fixed to the articular capsule at the hinge side by suturing to keep it expanded. A number of modified surgical procedures have been reported since, in which a spacer bone graft, bone substitutes, or miniplates are used to ensure that the lamina is kept in the opened position [4] [5] [6] [7] [8] [9] [10] [11] . We have developed a unique modification of the surgical procedure to keep the lamina expanded, with the aim of preventing reclosure of the vertebral arch and the complications that may result from the emplacement of spacer bone grafts, bone substitutes, or miniplates.
Objective
In this study, we examined the effectiveness of and problems associated with the modified expansive open-door laminoplasty technique developed at our institution by evaluating the surgical outcomes.
Methods

Surgical Procedure
In our modified surgical procedure, to keep the lamina expanded, a stay suture is passed through an opening in the base of the spinous process and lower interspinous ligaments, and the suture is then fixed on the fascia at the hinge side, 2 cm from the center. The most caudal part and lower part of the dilated spinous processes are tied by a figure-of-eight suture to prevent reclosure of the expanded vertebral arch (Figure 1 ) [12] . up for at least 1 year ( Table 1) . Thirty-eight had Cervical Spondylotic Myelopathy (CSM) and 18 had OPLL. The patients were 34 to 89 years of age (mean: 60.9 years).
Evaluations
The severity of myelopathy was evaluated according to the Japanese Orthopaedic Association (JOA) scoring system ( Table 2) . Surgical outcomes were evaluated using Hirabayashi's system for determining recovery rate. In the radiographic outcomes, the following angles were measured before and after the surgery: the lordosis angle and the range of motion (ROM) at C2 -C7 on lateral radiographs measured using Cobb's method, and the opening angle on Computerized Tomography (CT). The presence or absence of axial pain and postoperative C5 palsy were also evaluated. The data were analyzed using the Mann-Whitney U test using the median values because of large variations in these values.
Results
The mean JOA score improved from before the procedure (10.3 for patients with CSM and 9.5 for patients with OPLL) to the last visit (14.3 and 14.1, respectively). The improvement rate was 59.6% for CSM and 61.7% for OPLL ( Table 3 ). The mean preoperative JOA scores, Table 2 . Japanese Orthopaedic Association (JOA) scoring system for cervical myelopathy.
I. Motor function
Upper extremity: feeding oneself with chopsticks or a spoon (0) Total disturbance: unable to feed oneself (1) Severe disturbance: unable to use chopsticks but able to use a spoon (2) Moderate disturbance in the use of chopsticks (3) Mild disturbance in the use of chopsticks (4) Normal postoperative JOA scores, and recovery rates did not differ significantly between patients with CSM and OPLL. The lordosis angle measured on lateral radiographs before the procedure, 6 months after the procedure, and at the last observation were 12.7˚, 11.3˚, and 10.5˚, respectively, in the patients with CSM and 10.9˚, 8.2˚, and 5.6˚ in the patients with OPLL ( Table 4) . The mean preoperative and postoperative lordosis angles did not differ significantly between the CSM and OPLL groups.
II. Motor function
ROM was measured before the procedure, 6 months after the procedure, and at the last observation. The ROM values were 31.5˚, 19.9˚, and 20.6˚ in the patients with CSM, and 29.5˚, 15.5˚, and 14.0˚ in the patients with OPLL ( Table 5 ). The mean preoperative ROM did not differ significantly between the CSM and OPLL groups, but the mean postoperative ROM was significantly greater in the patients with CSM than in those with OPLL.
The opening angle measured on CT was 65.9˚ for C4 and 64.6˚ for C5 in the patients with CSM, and 63.5˚ for C4 and 62.8˚ for C5 in the patients with OPLL ( Table 6 ). The mean opening angles for C4 and C5 did not differ significantly between the CSM and OPLL groups.
Axial pain was reported by 34% of the patients, including 12 of the 38 patients with CSM (31.6%) and 7 of the 18 patients with OPLL (38.9%). Among the 19 patients who complained of axial pain, 9 patients reported no significant difference in the pain severity between the two sides, 4 patients complained of more severe pain only on the open side, and 6 patients complained of more severe pain only on the hinge side. Fifteen of the 38 pa tients (39.5%) who underwent surgery for C7 complained of axial pain. Four of the 18 patients (22.2%) who underwent surgery for C6 complained of axial pain. Post- 
Discussion
Expansive open-door laminoplasty is one of the most common procedures for cervical spondylosis and OPLL, and various modified surgical procedures have been reported. We have developed a unique modified procedure involving placement of a stay suture to ensure that the vertebral arch remains expanded and to avoid complications that can result from bone grafts or spacers.
The clinical outcomes of the modified procedure were satisfactory and were similar to those reported by other studies. The rate of JOA score improvement was about 60%, the lordosis angle observed on lateral radiographs was maintained, and ROM decreased in both the CSM and OPLL groups [9] [10] [11] .
Our technique for modified expansive open-door laminoplasty has two important characteristics. First, the most caudal part and lower part of the dilated spinous processes are tied by a crank-shaped suture, a simple method to prevent reclosure of the expanded vertebral arch. Second, to keep the vertebral arch expanded, a stay suture is fixed on the fascia at the hinge side, 2 cm from the center. This holds the vertebral arch up, even in cases with a floating lamina, and prevents the vertebral arch from becoming separated inadvertently. The mean opening angle, as measured on the postoperative CT, was 62˚ -65˚, and sufficient decompression was obtained.
The suture used to tie the vertebral arches to maintain them in the expanded state was fixed on the fascia. However, 19 of the 56 patients (34%) complained of axial pain, although the laterality was not clear. However, the pain was not severe enough in any patient to necessitate habitual trigger point or other forms of therapy. The decompression range was set recently as C3 -C6 in general, and a tendency toward a decrease in axial pain has been observed [13] [14] [15] . Procedures such as the Shiraishi method, which saves the posterior elements, have been reported to prevent axial pain [16] [17] [18] [19] .
Postoperative C5 palsy is thought to be caused by trauma induced by the surgical technique, displacement of the lamina on the hinge side, a tethering effect induced by an excessive posterior shift of the spinal cord after decompression, traction stress on the nerve root, or damage to the gray matter of the spinal cord. However, the precise mechanism responsible for C5 palsy remains unclear [20, 21] . The reported incidence of C5 palsy is about 5% [22] . In this series, 1 of the 56 patients developed palsy on the open side, and the incidence of this palsy in patients undergoing our modified procedure was low, 1.8%. This may be explained by the small mean opening angle
Conclusion
The results of this study show that our modified procedure produces satisfactory postoperative outcomes based on the clinical data and imaging findings for patients with CSM or OPLL. An advantage of this procedure is that it avoids potential complications associated with bone grafts or implants. Moreover, it is as easy to perform as the original procedure and can effectively maintain the vertebral arch in an expanded state.
